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vIMS 



im 11 The piezoelectric-ceramics constituent which sets to 0.33<=x<=0.38 and 0.12<=y<=0.19, and is characterized 
tie thing of Mn Cr, and Fe for which a kind is converted into Mn02, Cr 203, and Fe203, respectively, and is 
ained 0.01 to 1.0% of the weight at least in the piezoelectric-ceramics constituent which consists of xPbTi03- 
Zr03-(l-x-y) Pb(nickell/3Nb 2/3) 03. 



inslation done.] 
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rAlLED DESCRI PTION . _______ 

tailed Description of the Invention] 

iustrial Application] About the piezoelectric-ceramics constituent which uses titanic-acid lead zirconate as a 

cipal component, this invention relates to the piezoelectric-ceramics constituent excellent in insulation performance 

le especially a piezo-electric property is size. 

)21 

scription of the Prior Art] Conventionally, as a piezoelectric-ceramics constituent, since a piezoelectric constant is 
it makes a piezoelectric transducer the start, and what uses titanic-acid lead zirconate as a principal component is 
elv used as an ingredient for actuators. However, the ingredient of this system has the fault of being hard to 
rantee the repeatability of a property, and homogeneity, in order that piezoelectric may be [ / that it originates in 
ooration of the lead oxide at the time of baking, and is hard to obtain a precise sintered compact, and near the mol 
toeranh pick phase boundary (MPB) ] dependent on titanium and a zirconium presentation. There is a means to add 
ies such as a means to permute a part of Pb by calcium, Sr, Mg, Ba, etc. of optimum dose in order to improve such a 
t or La Nd Nb Ta Sb Bi, Th, W. According to the former, a dielectric constant can be made into size, without 
jcing a piezo-electric property, on the other hand, according to the latter, polarization becomes easy, a piezoelectric 
stant increases and there is an advantage that aging becomes small. Many compound perovskite mold compounds 
ch on the other hand, have two or more ion with which valences differ in the location of A or B as a ferroelectric of 
03 mold in parallel with amelioration of the above-mentioned titanic-acid lead zirconate were discovered. The 
;arches and developments to the presentation of three components with this compound perovskite mold compound 
furthered energetically after that. 
031 

Dblem(s) to be Solved by the Invention] as the piezoelectric-ceramics constituent of the above-mentioned three- 
iponent system - PbTi03-PbZr03-Pb(nickell/3Nb 2/3) 03 [ for example, ] ~ there is a thing of a presentation. It is 
the ingredient in which a mol photograph pick phase boundary (MPB ) has the property which is expand to a line 
n a point and suits a larger application is obtain while the description of such a piezoelectric ceramics constituent of 
-e-component system has little evaporation of lead oxide and is easy to calcinate as compared with Pb(Zr , Ti ) 03 of 
aforementioned component system . Since a piezo-electric distorted constant (d constant) is size very much in this 
nt the piezoelectric-ceramics constituent of said PbTi03-PbZr03-Pb(nickell/3Nb 2/3) 03 system is the the best for 
piezoelectric ceramics for AKUYUETA components. The piezoelectric-ceramics constituent of said PbTi03- 
'r03 Pbi nickel l/3Nb 2/3) 03 system has comparatively small electrical resistivity. For this reason, however, for 
mple When the piezoelectric-ceramics constituent of said PbTi03-PbZr03-Pb(nickell/3Nb 2/3) 03 system is used 
the component around 100 micrometers for much more thickness like a laminating mold piezoelectric device, There 
s a problem that it was unreliable to pull out or carry out dielectric breakdown of engine performance in which the 
-trical potential difference which can be impressed is small and sufficient, during an activity etc. 
041 This invention solves the trouble which exists in the above-mentioned conventional technique, and while a 
zo-electric property is size, electrical resistivity aims at offering the piezoelectric-ceramics constituent which fitted 
charge of actuator lumber, especially the charge of laminating mold piezoelectnc-device lumber in size. 

earn for Solving the Problem] In order to solve the above-mentioned problem, it sets to this invention. In the 
zo^LcMc-Sics constituent which consists of xPbTi03-yPbZr03-(l-x-y) Pb(nickell/3Nb 2/3) 03 It was referred 
is 0 33<=x<=0 38 and 0.12<=y<=0.19, and the technical means of Mn, Cr, and Fe of having converted a kind into 
xOl, Cr 203, and Fe203, respectively, and containing it 0.01 to 1 .0% of the weight at least were adopted. 
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)6] 

iction] choosing the presentation near a mol photograph pick phase boundary (MPB) of PbTi03-PbZr03-Pb 
kell/3Nb 2/3) 03 system in this invention ~ size - a piezoelectric constant - securing — and manganese oxide, 
>me oxide, and ferrous oxide - at least a kind - optimum dose ****** - the piezoelectric-ceramics constituent 
ch fitted the charge of actuator lumber by measuring improvement in electrical resistivity by things is offered. 

ample] Hereafter, an example explains the effectiveness of this invention concretely. 

)8] (Example 1) Weighing capacity of the raw material of a lead oxide (PbO), titanium oxide (Ti02), a zirconium 
dde (Zr02) nickel oxide (NiO), niobium oxide (Nb 205), and manganese oxide (Mn02) was carried out so that it 
ht be set to chemical formula xPbTi03-yPbZr03-(l-x-y) Pb(nickell/3Nb 2/3) 03+zwt%Mn02, and this was mixed 
l the ball mill for 2 hours. Temporary quenching of the obtained mixture was carried out at 850 degrees C after 
porary shaping and into air for 2 hours, and the ball mill ground further for 2 hours. The with a diameter die length 
mm die length of 20mm ] Plastic solid was created for this by press forming after granulation. Where this Plastic 
d is sealed in the container which consists of an alumina or a magnesia, 1 260-degree-C sintering of 5 hours in 
gen was performed. The electrode which uses the obtained sintered compact as a component with a diameter [ of 
lm ] and a thickness of 0.8mm by cutting and polish processing, and becomes an ends side from Cr-Au about it was 
ned, the direct current voltage of 3kV/mm was impressed into the silicone oil, and polarization processing was 
brmed. 

39] A table 1 is set to z= 0.05 in said chemical formula, and many properties at the time of changing the value of x 

y are shown. 

10] 

No?* 1 x y eT33 Kip -d 3 i(X10- 12 m/V) p (ft • cm 



1 


0.33 


0.19 


3350 


0.58 


231 


1.1X10 A3 


2 


0.35 


0.18 


5830 


0.625 


328 


3.9X10 13 


3 


0.38 


0.15 


3480 


0.61 


247 


4.9X10 13 


4 


0.35 


0.15 


6050 


0.63 


337 


5.1X10 13 


5 


0.38 


0.12 


3520 


0.605 


247 


5.1X10 A3 


6 


0.36 


0.12 


3250 


0.59 


233 


2. 1X10 A3 


7 


0.35 


0.14 


6390 


0.585 


321 


3.2X10 13 


X 8 


0.33 


0.20 


2310 


0.59 


195 


4.8X10 13 


* 9 


0.39 


0.11 


2050 


0.54 


168 


9.8X10 X3 




0.28 


0.20 


4350 


0.43 


195 


1.0X10 A4 



l No.1-7, many properties are size, especially in No.4, the piezoelectric distorted constant d31 shows -337x10-12 

1 and being the optimal as an object for actuator components is admitted so that clearly from the table 1 outside this 
sntion In addition, in No.8-10, d31 becomes -200x10 to 12 or less m/V, and is unsuitable as an object for actuator 
iponents. That is, it is desirable to be referred to as 0.33<=x<=0.38 and 0.12<=y<=0.19 as the above-mentioned 

ect for an actuator component. The dielectric constant (epsilonT33) when carrying out specified quantity addition of 

02 an electromechanical coupling coefficient (KP), a piezo-electric distorted constant (-d31), and electrical 
stivity (rho) are shown in a table 2 three to 0.5 Pb (nickell/3Nb 2/3) three to 0.1 5 PbZrO 0.35 PbTiO 03. 

11] 

table 2] 
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No. 




€ T33 




-d3iCX10- x WV) 


p (ft * c 




0 wt* 




\).m 




1 1Y10 10 


12 


0.01 


£m aa 


A 


0411 




4 


0.05 


OUt>U 


V.DO 


00/ 


«}. IA1V/ 


13 


0.1 




A 

u.ozo 


OOA 


1 QY1A X4 


14 


0.5 




A 


one 




15 


1.0 


4900 


0.59 






*16 


1.5 


3300 


0.5 


198 


3.2X10 13 



idding Mn02 of a minute amount so that clearly from a table 2 shows that double or more figures electrical 
itivity becomes large. Especially, at 0.01 to 1.0wt(s)%, electrical resistivity is large, and -d31 are large, and Mn02 
tion of this invention is the the best for an actuator, especially the charge of laminating mold piezoelectric-device 
ber. Moreover, if the addition of Mn02 exceeds 1.0 % of the weight, it will become remarkable small falling [ of 
lonT33 and KP ] -d31 too much. 

2] (Example 2) The approach of an example 1 and the same approach created and estimated the sample. The 
>erty of a table 3 and a table 4 is acquired by adding Cr 203 and Fe203 to 03 three to 0.5 Pb (nickell/3Nb 2/3) 
s to 0.15 PbZrO 0.35 PbTiOs. Also when Cr and Fe are added, it turns out that the same effectiveness as Mn is 
lired. 



able 3] 

b. FeJhmam. 


(. T33 


Kp 


-cUi(Xl0- 12 iD/V) 


P 01 


*11 0 vt% 


6500 


0.64 


355 


1.1X10 10 


17 0.01 


6030 


0.63 


336 


7.1X10" 


18 0.05 


5960 


0.625 


331 


3.5X10 13 


19 0.1 


5700 


0.615 


319 


7.9X10 13 


20 0.5 


5250 


0.6 


299 


4.6X10 13 


21 1.0 


4650 


0.58 


272 


2.2X10 X3 


*22 1.5 


3200 


0.49 


191 


2.2X10 13 












able 4] 


f T33 


Kp 


-d 3 i(X10- i: WV) 


P (£2 • ci 


mi 0 vt% 


6500 


0.64 


355 


1.1X10 10 


23 0.01 


6080 


0.625 


335 


6.6X10 11 


24 0.05 


5930 


0.61 


332 


8.6X10 11 


25 0.1 


5720 


0.6 


312 


6.6X10 12 


26 0.5 


5320 


0.59 


296 


5.1X10 12 


27 1.0 


4450 


0.57 


261 


4.1X10" 


«28 1.5 


3130 


0.505 


194 


5.2X10" 
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ct of the Inventionl As explained above, since a piezo-electric distorted constant is large and electrical resistivity is 
large, this invention is very useful as an actuator, especially a charge of laminating mold piezoelectnc-device 



•er. 



lslation done.] 
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xPbTi03-yPbZr03-(l-x-y)Pb(Nii/3 Nb2/3 )0s 

frttz&nmm&jmxcis^T, o. 33^0. 

3 8, 0. 1 2Sy^0. 1 9fcU fr-PMn,Cr.Fe«4> 
&< t fc— a^^-n^nMnOz .CrzOs .Fe2 Oa Ic&g LT , 

0. 0 1 ~i . oil»*Sl-5i:i:4Wlt'i-5. 



4 



(2) 



WmW- 5-2 4 9 1 7 



H#fFlfeft<Ofg®] 

[H*S1 ] xPbTi03-yPbZr0 3 -(l-x-y)Pb(Nii/3 N 
bz/3 )0s**5aSffi«KHfij«*fc*^T^ 0. 3 3^x 
^0. 38, 0. 1 2^0. 19£U ^OMn.Cr.F 
eW< t^—mft^ft^mnOz .CraOa .FeaOsUlftK: 
LT, 0. 0 1-1. 0M%WTSC 

[0001] 
[0 00 2] 

ISftWSUK^Ci:. (MP 20 

B) iStt^fe^^TMtt^^-^Afc^l/ri-^/^JH 

tC, Wittf P b <D— gpj&SMfir> £ a , Sr, Mg, Ba 
*tiW8m SKttLa, Nd, Nb, Ta, 

sb, Bi, Th, w^oiMtftr^jfito-rs^a^* 

BOs9l<D3*ll«*£LT, A-SLOiBOtiffllCBT? 
[0003] 

ffiffl^K%ibTfla^.tfPbTi03-PbZrO3-Pb(Nii/3 Nbz/3 )0s 

*fr7*h\£y*mmn (mpb) 

h5Ct1?*«o CtO^JC43V^TSOI5PbTi03-PbZrQ3-Pb 
(Nii/3 Nb 2 /3 )03^cDI±m^affl^%|tiIE«^^ (dffi 

EWfilCHT*8o LfrLfctf5> fljf2PbTi(h-PbZ 
r0 3 -Pb (Nii/3 Nb2/ 3 )03^OEEm^i§^c%tiS^g*a^ 



cofc*«*«f, «BMJEm^ojc 

■5 iC—mtOmfrtf 1 0 0 /i mfij^O^tCfijfBPbTiOs -P 

bZrOs-Pb (Nii/3 Nbz/3 )(hSR©ffi«ase*»wttfflsn 

Wfi^fc ^ -5 ffflBtf S fee 

[0004] *swtt±cfle*sasknwE"r*ffflia^* 

[0 0 0 5] 

stSMBlC&t^Ttts xPbTi03-yPbZr03-(l-x-y)Pb(Ni 
l/3 Nb2/s )0s*6ft«ffi«KBej®»JCl3^T, 0. 3 
3^x^0. 3 8.0. 12^0. 19kU ^OH 
n , Cr , FeO ^ < 1 1> — n^tlMnte , Crz Os , Fez Oa 

fcSWLT, 0. oi~i. oB»%-&*rra. 

[0 0 0 6] 

Cffffl] *SSWfcfe^Tti. PbTiOs -PbZrOa -Pb (Nii/s Nb 
2/3 )fo3JW>e;l/:7* (MPB) ttiSOffl 

*cfc-e*ft*ffi«jQi[*««u fro. m 
* a x- * /sarnie a l fejE«8»e«»*ii«-r a 

[0 0 0 7] 

[000 8] C^SS^d 1 ) Wilt® (PbO) , Wtik+Z > 
(Ti02) , Kfks^l/n-^A (ZrOz) , m{£~v*rfr 
(NiO) , Mit~*7 (Nb20s) , »ffc^>^f> (Mn0 2 ) 

OK««ffc*SxPbTi03 -yPbZrOs - (1 -x-y)Pb (Nii/3 N 

b2/3 )03+zwt%Mn02 ^^^J:^tCppfiL> 

ff»tC^>T 8501CT2 B#HH©S8U WC#— ;l^7VT? 

2 9$r^i»^Lrco cft%m$m7\s7,jmfo&*D mm 2 

0mmISl5mm«MMUc o CCDtfimft* 

«si"caiR«=p 1 2 6 0X5 i*iB«j«s*ff o /to f#^n 

fc«ll**«Wf, flMttOXfciD. itSl 6 mm, *2 
0. 8mmO«?ICU SUSffiJCC r-Au^45» 
«**J«U 2/ U ;Wfc6l,>T 3 k V/mmO 

[0 0 0 9] auiauf3ffc^^c43^Tz=o. 05t 

[0 0 10] 

«1] 



50 



No. 




y 


£ T 33 


Kp 


1 


0.33 


0.19 


3350 


0.58 


2 


0.35 


0.18 


5830 


0.625 


3 


0.38 


0.15 


3480 


0.61 


4 


0.35 


0.15 


6050 


0.63 


5 


0.38 


0.12 


3520 


0.605 


6 


0.36 


0.12 


3250 


0.59 


7 


0.35 


0.14 


6390 


0.585 


8 


0.33 


0.20 


2310 


0.59 


X 9 


0.39 


0.11 


2050 


0.54 


*10 


0.28 


0.20 


4350 


0.43 



dai #-337X1 0' 1 * m/V«^U 7^faX- 

o.S—KHC&^Ttedsi #-2 0 0X 1 0- 12 m/VtXT 
t^:^ 7*^aX-**^B£LTt±^ffl^»5o *r 



No. 




£ T33 


Kp 


*11 


0 vt% 


6500 


0.64 


12 


0.01 


6100 


0.635 


4 


0.05 


6050 


0.63 


13 


0.1 


5900 


0.625 


14 


0.5 


5400 


0.62 


15 


1.0 


4900 


0.59 


3K16 


1.5 


3300 


0.5 








40 



* 2 5 W 6 * <fc 5 ICfflfcBOMnOz %WiijQir Zctlc 
tC. *SSB<DMn0z^ftIfi^O. 0 1 #£ 1 . 0 w t %T* 

7c, VLnOzOma&tf 1 . 0 11%%^^^ e T33 , Kp 



WBPF5-2 4 9 1 7. 

4 

-d3i(X10- i2 mA) p (ft • cm 



231 


1.1X10 13 


328 


3.9X10 i3 


247 


4.9X10 13 


337 


5.1X10* 3 


247 


5.1X10 13 


233 


2.1X10 13 


321 


3.2X10 13 


195 


4.8X10 13 


168 


9.8X10 i3 


195 


1.0X10 14 



x^o. 38, 0. 12^0. 1 gttsctws 

Lt/^o S2lCl±, 0.35PbTi03-0.15PbZr03-0.5Pb(Nii/3 N 

bz/3 )0iicM0z^:m^.mmaLrct^(omm^ u 

T33) , *Xmm&&». (Kp) , EE«SJE» c- 
dsi) s H^iSSt^ (p) *a*f. 

[0 0 1 1 ] 

K2] 

-d3i(X10- A2 ra/V) p (ft • c 



355 


1.1X10 10 


341 


2.1X10 i2 


337 


5.1X10 13 


330 


1.9X10 14 


305 


5.1X10 13 


270 


2.1X10 13 


198 


3.2X10 13 



[0012] (^mmzmmmio^mtmmo^mc 

<fc0. H#*ffr£Lffffib;fco 0.35PbTi0 3 -0.15PbZr0 3 - 
0.5Pb (Nii/3 Nb2/3 )03^CCr2 03 ,Fe2 03*8Sftrr 5 C £lC& 
K>. S3, S4 0»fitf»5n8o Cr.Fe*aBtaLfc» 

[S3] 



50 



4 



(4) W5-2 4 9 1 .7. 



No. 




t T33 


Kp 


-d 3A ai0- A WV) 


p (fl • cm 




0 wtSS 


6500 


0.64 


355 


l.mo 10 


17 


0.01 


6030 


0.63 


336 


i Am 11 


18 


0.05 


5980 


0.625 


331 


3.5X10 13 


19 


0.1 


5700 


0.615 


319 


7.aao 13 


20 


0.5 


5250 


0.6 


299 


4.6X10 13 


21 


1.0 


4650 


0.58 


272 


2,25Q0 A3 


*22 


1.5 


3200 


0.49 


191 


2. 2X10 A3 



No. Fe^SEtirS eT33 - d 3i CnO- 12 inAr) p (fl-om 



»4] 



am 


0 vt% 


6500 


0.64 


23 


0.01 


6080 


0.625 


2A 


0.05 


5930 


0.61 


25 


0.1 


5720 


0.6 


26 


0.5 


5320 


0.59 


27 


1.0 


4450 


0.57 


*28 


1.5 


3130 


0.505 



1 



Co 0 1 3] 



355 uixio 10 

335 6.6X10 A1 

332 8.6X10 A1 

312 6,6X10 AZ 

296 5. 1X10 12 

261 4.1X10 A2 

194 5.2X10 AZ 



